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Sueous^gmented ink jet inks for printing on vinyls 



(57) An inkjet ink composition and process for print- 
ing on vinyl substrates in which the ink comprises an 
aqueous vehicle containing at least water and a water- 
miscible~glycd oTglycol ether, wherein water confutes 
Z Ltb than 80% by weight based on the total weight 
of the vehicle; anin^pjuble^Plorant (preferably a pig- 
ment); a r^lymeTic-dTipl^ntL 
surfactant; and, optionally but preferably, agraftcopply. 
m$tfeL having a hydrophobic backbone and non- 
■o^drophilic side chains, which binder is soluble .n 
the aqueous vehicle but insoluble in water. 
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Description 

Rark ground *hft Invention 
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^^^^^^ 

home office, small office and personal printer ^fT^T^^ „, further due to the introduction of sys- 
n I more recent years, the P^l^ C °'° r and **** ^ ^ 

,ems (printers, software, media and inks) f^^XX******* home environments, this form of prmfng 
[00041 Despite the rapid rise in W^!***** J ^^Svery large format applications. In general, the terms 
has had a more modest rate of acceptance in the large torn* < ™ J a 9 hat te with a particular size media. 
Sge format" and "very .arge format" are 0 f not less than 17 inches in the smallest 

For example, large format is commonly used to mea utilize media of not less than about 60 inches 

SUuseofinMe,^ 

o as ".arge format") has important adva exam P ,e ' ,he ^ * ^ ^ T 
traditional analogue printing methods. Yet, ^ J^JSSr usage (e.g. billboards and other s,gnage appli- 
duced for these applications may be than typically required for office or home 

cations) and thus need to be far more lightfast, waterfast. Dre ferred for well-known env.ronmental 

P Sg applications. Most ink jet inks, particular 

Sons. aTe dye-based and lack the ^^^S^S^^ * ^ **« ^ ^ ^ " S T 
lightfast and waterfast than the.r used in large format printing applications. Thus, 

the vinyl and other hydrophobic, durable substrat ^"""J^ jnk and/or pos ,. t reated to render the image suffi- 

is often required that the •^^£1^^^^ '^ cons « erably ,0 *» C0St 
ciently waterfast, lightfast and/or ^^JSSS.^ that are capab.e of producing duntfe waterfast. 

summary of the Invention 

40 substrates, said ink comprising: 



vehicle, 

45 b) an insoluble colorant; 



so 



55 



c) a polymeric dispersant; surfactants and fluorinated surfactants; and 



vehicle; 

b) an insoluble colorant; 

c) a polymeric dispersant; 
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binder is soluble in the aqueous vehicle but insoluble in water. 



Detail Desc ri ption of the Fmbodiments 



10 



.„»,« Tneirrvent^ovides^^ 
Llarg.tamatinKiet prints in 



Aqueous Vehicle 



15 



20 



[0 010] The ao,eous vehicle is a mixture of water and at ^ ~ J^^^tl^ 
later is typically used in ink jet inks. R^^. which is incorporated herein by 

pyrrolidone, etc.) also disclosed in US 5.221 '^S^^lLli depe nding upon the type of printer being 
[0011] The precise composition o. the 

used, the type and amount of other ''^^^^S^n^ water, a glycol, a glycol ether and pyrro- 

;rr P :;:^ - — The aqueous vehicle 9enera,ly 

comprises 70 to 99.8%. by weight of the total ink composition. 
25 Insoluble Colorants 

melZTprelerred colorants to. use n the compositions ol M invention. 
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Pigments 
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rnem panicles are small to permit *«r«^<«» ^ ' tie pale sie also has an Mb 

eiecling no=a« that usual* have a diameter ranging »™2,^7ft"S Br Lian motion ol mind. par., 
enc. on the pigmert dispersion stability. «** "™^^ u *Si7par«oles for maximum color strength. 

aggregated to the extent that it is in dry form and therefore do lot requro ' ° MJj (he jnvention 

for most ink jet printing applications. If an inorganic pigment is ™ W be as hign as approximately 

Dyes: 

M The * «. an»un, o. dye P'^™t ^ASSllSiSl'SS 

dependent upon the desired color ol ft. print Orations may result in poo, primhead per- 

traions ol dye ma, not give adequate dor 7^*^*2^.^ « 0.01 to 20%. prelerably 0.05 
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Dispersant 
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25 
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40 



dispersants such as Mock copolymers and b, "£^""2 Colorant d^persions as structured poly-rEsl^ 
ijc in nature. Random polymers are *»»•«•*" " ' Sh™b»M W M«s««ons lor aqueous solubility and 
tfgacirwfSolpreterred. However, a 'a«om p«ym» '^™°TJJ£, , 0 lo the dispersion 

Lmoh has hydrophobic and hydrophilie blocks art taknw 1 Ho* «m * »« » Mt0 ^ ic (coWam ani.* 

2,000 to 10,000. , f 0 , , 0 25%i preferably 0.1 to 8% by weight, based 

C^^Sny «. be adversely .Hooted i. insurant polymer « present 

Surfactant 

T002U The inks o. the invention further contain a si.icon surfactant or a f.uorinated surfactant, .n genera,, the f,ori- 
KLrf^ants tend to generate foam in the inK and therefore are not preferred. 
0022] Suitable silicon surfactants for use in the present inks .nclude. 

(1) a polyether modified siloxane of the formula: 

R' 3 SiO[R'SiO(CH 2 ) m O(CH 2 CHO) n R"l y [R'2SiO] x SiR' 3 

I 

Ri 

wherein ff = methy,, R" = hydrocarbon chain, and through 
Polyether modKication of polysiloxanes can be done by ™ s compatibility 

,he introduction of ade chains. Through the , intrcxiuctK.n * p^r modification (x to y, in 

can be improved or modified. The relationship "^^J**^ Sas an influence on surface tension. 
,he structure diagram) allows the control o ^^^SSS^. ™ is very hydrophilic, whereas 



45 additive 



50 



55 



The copolymers have the general formula: 

(R')(Si0 3 )x(R2SiO) y [(C n H 2n O) 2 R'l a [R m ]3x-a 

^•isahydrc^ra*^^^^^^ 

r SaS « 9 .e*er than 3, and , . ~*«^^ZZ2i»0 .0 , 0.000. and each o.the a. 
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35 



40 



(RaSiOptCn^nO^R" 



R' Si— 0 (R 2 SiO) q (C n H 2n O) z R * ' 
NK OlR 2 SiO) r (C n H 2 nO)z R " 

Particularly 

CH 3 

R'-Si [ (O-Si) x -(OC 2 H 4 ) a -(OC 3 H 6 ) b 0R' 1 3 
CH 3 

a + b= 1 to x , and a > b. 

(3) block copolymers composed of: 

(a) at least one siloxane represented by the formula: 

R b SiO (4 -b) 

<^gt»*sanaaM e n,Wr<«r M 9.ou^a™l« J» ■ rt 
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CH 3 
I 

H 3 C-Si-0- 
CH 3 



CH 3 




CHj 


Si-0 




—Si-0 


I 

CH 3 


X 


I J 



CH 3 
I 

-Si-CH 3 
I 

CH 3 



J y 



wherein R is hydrogen or alky! radios, ol 1 to 4 carbon atoms, a is ! to 30, 
xsy and y£l- 



O— (C 2 H40)a— (CjH^OX^- 

bis0to30, x + y = 4to60 where 
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ri.ri.ni. include oolvether modified dimethyl siloxane and nonionic silicone glycol copol- 
bury. CT as Silwet® surfactants. 
5 Fiunrinated S urfactant 

[0024] The fluorinated surfactants useful in the invention have the formula: 

[R(f)Q] n A 

gregp; SSSl^Z^^Q the bridging Q group and 

locarbon atoms, and may contain heteroatoms such as ^ a ^™e % stable under the conditions of use. 
the water-soluble A group may ^S!^S!^^^^^\ J 12; . C00M and -S0 3 M wherein M 
/Thewaje ^splubleA group •^bejeje^aLfiail^ -P0 4 (Z) v wherein y is 1-2 and 

Z is hydrogen, ammonium, amine, or an alkali ^etel such as innwm sc^ . £ of haljdes ace . 

alky, group of 1 to 4 carbon atoms and X ,s an an-oncMurtenon •^TJJ J s P Q|uble oup is an etnylene 
tates, and sulfonates, and other water-soluble zwitter.omc ^J™™* ™ effectjve The Llance between the 
oxWe group no greater than 8 to 9 monomer un.ts, because ^^^^^^ as a whole has a solu- 
size oHhe perf.uoroa.ky. group and ^^^^^ p SS a 1^5.05% at 25'C. 
bility in the desired aqueous earner medium of «*Z*^*^ { du Pont de Nemours and Company 

other components in the inks to avoid precipitation or f locculat.on^ 
?oS 6 ] Some examples of suitable fluorinated surfactants are shown ,n Table 1 

TABLE 1 
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FLUORINATED SUR- 
FACTANT 


R(f) 


Q 


A 


n 


1 


F(CF 2 CF 2 ) 3 . 8 


CH 2 CH 2 SCH 2 CH 2 


C0 2 Li a 


1 


2 


F(CF 2 CF 2 ) 3 -8 


CH 2 CH 2 


P0 4 (NH 4 ) 2 


1 


3 


F(CF 2 CF 2 ) 3 . 8 


CH 2 CH 2 


PO4NH4 


2 


4 


F(CF 2 CF 2 ) 3 -8 


CH 2 CH 2 


(OCH 2 CH 2 ) x OH b 
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b x is 1-10 

[0027] Preferredf.uorinated^^ 

telomer B monoether with polyethylene glycol . efficiency of the surfactant, properties 

[0028] The amount of surfactant used in the ink will vary efltoency o ^ 
of companion ink(s), and the substrate being P r^ 

rr:,TsS^ 

weight of the ink composition. 
Non-ionic Graft Copolymer Binder 
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water but are insole in -po.* organic sot. ^ 

as ethyoxytriethylene glycol methacrylate metho^y^^ and ^ ^ 

ate, polyethylenoxkJe mesylate. ^"W*™^^*- " * » such as methyl acrylate , 

[00 31] Thebackboneofthegr^^^^ benzyl acry iate, benzyl 

methyl methacrylate. styrene. alpha-methyl sty ene^pheny^ aery .P 2 -phenoxyethyl methacr- 
methacrylate, 2-phenylethy. acrylate 2- phenylethyl ^ ^ ^rylate, p-nitrophenyl meth- 

ylate, 1-napthalyl acrylate, 2-naphthalyl; ^ acrylamide. N-phenyl methacrylamide, 

acrylate, phtha.im^methyl ^'f • P™^^^^^ acrylamide, vinyl benzoate, ethyl 

[0032] The hydrophobic backbone may contain up to 30 /<> by weigm, odbsu 
of a hydrophilic non-ionic monomer, as listed above. 



Other Ingredients 
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tors, and the like 
Ink Properties 



10034] Oetve^.s^^^ 

ension and the viscosity of the ink. Pigmented ink ^^^SS^M^m ^™< m t0 ab0Ut 
surface tension in the range of about 1 5 dyne/cm » *^^J^S^U "the range of about 1 .0 
35 dyne/cm. Acceptable viscosities are no greater *an*o*30 ^at 250. a P r . g drjving 

CP to about 15.0 CP. The ink has physical P^'™^ piezo element for either a drop-on- 

voltage and pulse wfcfth lor thermal ink jet Pn^nfldm ° hey ^ be use d with a variety of ink jet 
demand de^ce or a continuous dev.ee, and the shape^ 



Examples 

35 picporftflnt Pnlvmer 1 



40 



45 



50 



m5] Al.literflaskwase.^^ 

funnels. Tetrahydrofuran THF, 3750 gn, and p-x lene ™J added . lnitiator , , ,1 .bis(trimethy1siloxy)-2- 

nium m-chlorobenzoate, 3.0 ml of a 1 .0 M M ^ n ^^2S^um m-chlorobenzoate, 3.0 ml of a 1 .0 M 
methyl propene, 291.1 9 m (125 M) w f '"^^J^ 1975 gm (12.5 M)] 

solution in acetonitrile] was started and added over 1 80 ™^ ^ l ^ y Feed „ was completed (over 99 % 
was started at 0.0 minutes and added over * "^JT^JJ 06 3 M) was started and added over 30 minutes, 
of the monomers had reacted) Feed III ^i^^^^^^ distillation begins. During the first stage of 
At 400 minutes, 720 gm of methanol was added ^Jj^jjjon an Id*. ^ ^ 2255.0 

~ 6 03) " methaay,iC 



acid (10). It was at 49.7% solids 
nifi persant Polvmer 2 



55 



[00 361 A^askw^uipp^ 

funnels. Tetrahydrofuran THF, 1 196 ^ fS^W-Z-rneW propene, 60.0 gm 

0.829 ml of a 1 .0 M solution ,n acetonitrile. was 0 & 9 m , of a , . 0 M solution in acetonitrile] was 

(0.257M) was injected. Feedl[tetrabu^ 

started and added over 180 minutes. Feed n 9™^"£^J^2£ 3 5 minutes. One hundred minutes 
col methacrylate, 827.07 g, (3.36 M)] was ^J^^^^m [benzyl methacrylate, 682.76 gm 

^CaS 
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and 2537gm of materia, were disced out. This ^^^^^^^^ 
methacrylic acid (l3)-co-ethoxytriethylene glycol methacrylate (13) at sdids. 



15 



,0037] AS-literf.asKwasepu^ 

Lneis. Tetrahydrofuran THF, 939.58 gm was ch a jf ^ propene. 
zoate, 0.593 ml of a 10 M solution .n acetonrtrile, was then added jn tiator, i i jn ^ 

60.0 gm (0.257 M) was injected. Feed I [tetrabutyl 9 m ( 2 37 M > and ethy0X " 

tonitrL] was started and added over 180 minutes. ^^^J^^ added" over 35 minutes. One 
Methylene glycol methacrylate. 437.39 g 0 ■]^^J^^ n M reacted) Feed 111 [benzyl methacrylate, 
hundred minutes after Feed II was ^^^^TaZTZ^ 165 gm of methand and 1706.64 g of 2- 
542.41 gm (2.20 M) was started and ^material were distilled out. "mis made a solution of 



RinHpr Polvmer 1 



20 



25 



m A 5,terf,as k was epuip^ with ^^^^^ZX^^ ^ 
pyrrolidone, 864 gm; isopropanol, 216 ^.^^^^^^^^ were heated to reflux. Feed I 
S20W, International Specialty Chem.cals) in water 108 gm ■ ^ ™* ™ P ' and Feed lM [VAZ0 . 67, 24 gm 
[Bisomer S20W, 612 gm], Feed II £ SmST £S^* I. were added over 360 min; 

dissolved in N-methyl pyrrohdone, 216 gm were sta tea ; nw» additiona| 3Q m|nutes 

Feed III was added over 390 min. After a r < e f ^ co ^ 1 ^olidone were added. The fir* product was 

ro^a7«™ 



(30) at 40.6% solids 
Rinrter Polvmer 2 



[Wm A,,iterf.asKwa 5 *uippedw^ 

ly col propyl ether. 1 1 00 gm, and a 50% so.ution of •JS^JKffl^^ ' t Bisomer S2W 425 
Sona. Specialty Chemical) *™£™™^*^%%£L* in propylene g.yco. propyl ether, 
gm], Feed II [methyl methacrylate. 750 9 m] _^^and I were added over 360 min; Feed III was added over 390 mm. 

acrylate (75) -g-methoxypolyethyleneglycol methacrylate (25) at 38.9% sohds. 
ink Qnncentrate 1 : 

mixture in a microfluidizer (Microfluidtcs Corp.). 



Dispersant Polymer 3 


709.22 g 


carbon black pigment 


450 g 


dimethylaminoethanol 


28.4 g 


N-methylpyrrolidone 


450 g 


Proxel GXL 


7.5 g 


BYK-019 


90 g 


Deionized water 


1264.88 g 
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ink Concentrate 2: 

[0041 ] A cyan ink concentrate was prepared as follows: 
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Dispersant Polymer 1 


402.4 g 


phthalocyanine pigment 


300 g 


Diethylene glycol 


45g 



[0042] This mixture was charged to a 2 rol, mil, and processed for 30 minute, Then, the 2 *. mi., chip is dissolved 
to make an aqueous pigment concentrate. 



Pigment dispersion 


852.32 g 


dimethylaminoethanol 


49.46 g 


N-Methyl pyrrolidone 


426.4 g 


Proxel GXL 


7.99 g 


Deionized water 


1861.34 g 



ink Concentrate 3 : 

[0043] A magenta ink concentrate was prepared as follows: 



30 



35 



Dispersant Polymer 2 


569.63 g 


quinacridone pigment 


330 g 


tetraethylene glycol 


54 g 



[0044] This mixture was then charged to a 2 roll mill 
40 solved to make an aqueous pigment concentrate. 



and processed for 90 minutes. The 2 roll mill chip is then dis- 



Pigment dispersion 


1 485.37 g 


dimethylaminoethanol 


55.64 g 


Deionized water 


2817.11 g 


N-methylpyrrolidone 


629.39 g 


Proxel GXL 


12.5 g 



ink Concentrate 4 : 

[0045] A yellow ink concentrate was prepared as follows: 
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Dispersant Polymer 1 


315.0 g 


yellow pigment 


192.5 g 


diethylene glycol 


70 g 



„ [0046] This mixture was then charged to a 2 roil mill and processed for 90 minute, The chip was then disso,ved to 
make the following concentrate. 



20 



Pigment dispersion 


189.75 g 


Dimethylaminoethanol 


11.41 g 


N-methyl pyrrolidone 


64.02 g 


Proxel GXL 


1.5 g 


BYK-019 


27 g 


Deionized water 


306.32 g 



25 ink Concentrate 5 : 

[0047] A black ink concentrate was 
mixture in a microfluidizer. 



prepared by mixing the following ingredients together and then processing the 



30 



35 



40 



45 



Dispersant Polymer 3 


148.3 g 


carbon black pigment 


150 g 


dimethy lami noethanol 


7g 


Dowanol DPnP 


76.7 g 


Proxel GXL 


6.8 g 


Deionized water 


611.1 g 



ink Concentrate 6: 

[0048] A yellow ink concentrate was prepared as follows: 



50 



Dispersant Polymer 1 


315g 


yellow pigment 


192.5 g 


diethylene glycol 


70 g 



[0049] This mixture was then charged to a 2 roll mill and processed for 90 minutes and the following concentrate was 

55 prepared from the chip. 
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ink Concentrate 7: 



20 



Pigment dispersion 


184.3 g 


Dimethylaminoethanol 


11.39 g 


Dowanol DPM 


90 g 


Proxel GXL 


1.5g 


Deionized water 


312.9 g 


s prepared as follows: 


Dispersant Polymer 2 


569.63 g 


Quinacridone pigment 


330 g 


tetraethylene glycol 


54 g 



25 [0 051] This mixture was then charged to a 2 ro.l m, and processed 1or 90 minutes and the chip used to maKe 
concentrate. 



30 



35 



40 



Dimethylaminoethanol 


5.5 g 


Dowanol DPM 


90 g 


Deionized water 


356.9 g 


Proxel GXL 


1.5 g 



[0052] The following 
ninc^ar y of Terms : 
[0053] 



ing Samples were prepared from the above ingredients and concentrates. 



DPnP 
PnP 
DPM 
S-7602 
S-7608 
FSO-100 



Dowanol® DPnP (Dow Chemical): dipropylene glycol n-propyl ether 
Dowanol® PnP (Dow Chemical): propylene glycol n-propyl ether 

3£iSSSS3=sss== 

Zonyl® Ffin. 1 nnmuPon ti M toc^uiiactan t_ 
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BYR : 0T9" (BYK CrTernieTTsilicone defoamer 
BYK-024 (BYK Chemie): silicone defoamer 

IS SS5SS1— - 

HEG hexylene glycol 
DEG diethylene glycol 
NMP n-methyl pyrrolidone 
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TO 



15 



20 



25 



30 



35 



Cone. 1 



Cone. 2 



Cone. 3 



Cone. 4 



Cone. 5 
Cone. 6 



ink Sample NO. 



20 



20 



Cone. 7 



DPnP 



10 



PnP 



DPM 



BYK-019 
BYK-024 



BYK-025 



BYK-345 



S-7602 
S-7608 



FSO-100 



NMP 



HEG 



DEG 



Water 



21.7 



0.6 



14.2 



10 



0.6 



0.6 



20 



400 



10 



0.9 



300 



15 



15 



15.7 



10 



38.2 



11.1 



21.9 



10 



36.1 



36.3 



13.2 



10 



38.9 



600 



13.3 



740 



509.6 



7.5 



60 



60 



407.9 



21.7 



10 



7.5 



7.5 



30 



500.8 



300 



326.9 



1409.2 



210 



15 



0.2 



0.6 



181.6 



210 



1286 1364.5 



10 



50.9 



11.1 



21.9 



36.3 



Example #1 

[0054] ^H-^-yC-^'KSJSS-?- 

Example #2 



50 



Example #3 

■m«i frnm a Trident PixelJet 64 printhead onto Cooley CooHlex vinyl. The ink had good 
55 [00561 Ink Sample 9 was printed from a Trident nxeuei oh h 
uniformity and abrasion resistance. 
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Example #4 



70°C. 
Claims 



1 

10 prising 



ng: 



weight of the vehicle; 
15 b) an insoluble colorant 



20 



25 



ylate, benzyl acrylate. benzyl met J^JJT^'SJ^ acrylate. 2-naphthalyl methacrylate, p- 
acrylate. 2-phenoxyethyl methacrylate 1 -naptt* ^^JJJ^Jyl acr ylate, phthalimidomethyl methacrylate, N- 
nitrophenyl acry.ate, p-nrtropheny. methacrylate^ ^^ytethyDacrylamide, N-(2-phtha]imi- 

phenyl acrylamide, N-pheny. methacr T^J^^^^J^ a-ethylhexyl acrylate, ethyl methacr- 

30 and vinyl butyrate. 

1000-2000 and comprise macromonomers which are 

a) soluble in water but are insoluble ^^^^J^^ 0 » ethyoxytriethylene glycol methac, 

ylate' polyethylenoxide acrylate, and N-vinyl pyrrolidone. 

vehicle. 

6 The ink of claim 1 wherein said insoluble colorant comprises a pigment. 

7 AprocessotmaKinganimageonahydro^^ 
' a hydrophobic substrate, wherein the ink composite compnses. 

ajanapueousvehicleconta^ 
than 80% by weight based on the total weight of the vehicle; 
b) an insoluble colorant; 



35 



40 5. 



45 



50 
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quent to the printing step, said overcoat composition comprising: 

a) an aqueous vehide comprising water, a water miscibie ** 

^ hydrophilic side chains ' " ch 
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